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B7-H4 expression is elevated in human U251 glioma stem-like cells 
and is inducible in monocytes cultured with U251 stem-like cell 
conditioned medium 

Lian-Jie Mo 1 , Hong-Xing Ye 2 , Ying Mao 2 , Yu Yao 2 and Jian-Min Zhang 1 
Abstract 

Previous studies indicated that B7-H4, the youngest B7 family, negatively regulates T cell-mediated 
immunity and is significantly overexpressed in many human tumors. Tumor stem cells are purported to play 
a role in tumor renewal and resistance to radiation and chemotherapy. However, the link between B7-H4 
and tumor stem cells is unclear. In this study, we investigated B7-H4 expression in the medium of human 
glioma U251 cell cultures. Immunofluorescence results showed that U251 cells cultured in serum-free 
medium (supplemented with 2% B27, 20 ng/mL epidermal growth factor, 20 ng/mL basic fibroblast growth 
factor) maintained stem-like cell characteristics, including expression of stem cell marker CD133 and 
the neural progenitor cell markers nestin and SOX2. In contrast, U251 cells cultured in serum-containing 
medium highly expressed differentiation marker glial fibrillary acidic protein. Flow cytometry analysis 
showed serum-free medium-cultured U251 cells expressed higher intracellular B7-H4 than serum- 
containing medium-cultured U251 cells (24%-35% vs. 8%-11%, P < 0.001). Immunofluorescence in 
purified monocytes from normal human peripheral blood mononuclear cells revealed moderate expression 
of B7-H4 after stimulation with conditioned medium from U251 cells cultured in serum-containing medium. 
Moreover, conditioned medium from U251 stem-like cells had a significant stimulation effect on B7-H4 
expression compared with serum-containing conditioned medium (P < 0.01). Negative costimulatory 
molecule B7-H4 was preferentially expressed in U251 stem-like cells, and conditioned medium from these 
cells more effectively induced monocytes to express B7-H4 than conditioned medium from U251 cells 
cultured in the presence of serum. Our results show that U251 stem-like cells may play a more crucial role 
in tumor immunoloregulation with high expression of B7-H4. 
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Glioblastoma multiforme (GBM), the most common primary 
malignant tumors of the brain, are aggressive, highly invasive, neuro- 
logically destructive, and almost always fatal 111 . Despite advances 
in surgery, radiotherapy, and chemotherapy, the prognosis for GBM 
patients remains dismal 12 " 51 . Molecular studies revealed that malig- 
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nant brain tumor masses contain stem-like cells (CD133*) 16 " 101 
that express specific neural progenitor proteins, such as nestin, 
S0X2, 0CT4, and Musashi 111 " 131 . Increasing evidence suggests 
that these cells are responsible for tumor invasion, angiogenesis, 
recurrence 114 " 161 , and resistance to radiotherapy and chemo- 
therapy 117 " 191 . 

B7-H4 (also known as B7-S1 and B7x), a newly discovered 
member of the B7 family, exerts both costimulatory and negative 
immune regulatory functions' 20 " 231 . However, recent studies showed 
that B7-H4 is aberrantly expressed in human tumors of the lung 1241 , 
breast 125 26 \ kidney 127 " 291 , ovary 126 ' 301 , and brain 1311 , and that it strongly 
inhibits immune responses and contributes to tumor escape from 
immune surveillance 132,331 . B7-H4 may negatively regulate T cell- 
mediated immunity by delivering inhibitory signals to T cells, though it 
is currently recognized as an orphan ligand 1341 . Taken together, B7-H4 
seems to be a new pivotal molecule that shapes immune response to 
tumors. 

Since tumor stem cells may account for tumor invasion, 
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angiogenesis, and recurrence and B7-H4 as the new negative 
costimulatory molecule related with tumor immunosuppression, we 
hence explored whether there are any connections between them. In 
this article, we investigated the expression of B7-H4 in U251 stem- 
like cells and in monocytes in the peripheral circulation stimulated 
with conditioned medium from U251 cells. 

Materials and Methods 

Tumor cell culture 

The human glioma U251 cell line was purchased from the 
Chinese Academy of Sciences Cell Bank and was cultured at 37°C in 
an incubator with a 5% C0 2 atmosphere. Cells grown in the presence 
of serum were cultured in DMEM (Gibco) supplemented with 10% 
fetal bovine serum (FBS; Gibco) and were routinely passaged every 
3 days. Cells grown in serum-free conditions were cultured in a 
medium DMEM/F12 (Gibco) supplemented with 2% B27 (Gibco), 
20 ng/mL epidermal growth factor (EGF; PeproTech), and human 
recombinant basic fibroblast growth factor (b-FGF; PeproTech). New 
complete medium was added every 2-3 days. U251 tumor spheres 
were cultured in 6-well plates on a nonadhesive substrate. Adhesive 
serum-free U251 cells were cultured on poly-D-lysine (PDL; Millipore) 
and laminin (Sigma) pretreated coverslips. Tumor spheres were 
passaged by 1 mg/mL papain (Sigma) dissociation when the center 
of spheres became dark. All U251 cell culture supernatants were 
separately collected as serum conditioned medium and serum-free 
conditioned medium. 

Isolation and stimulation of human peripheral blood 
mononuclear cells 

Peripheral blood mononuclear cells were isolated from healthy 
donor blood using standard Ficoll-Hypaque (Sigma-Aldrich) density 
gradient centrifugation' 351 . Monocytes were purified using CD11b 
microbeads (Miltenyi Biotec) according to the manufacturer's 
instructions. Monocytes were cultured for 3 days in RPMI-1640 
medium (Gibco) supplemented with 10% FBS, and with or without 
U251 cell conditioned medium, at 37°C in an incubator with 5% C0 2 . 

Immunocytochemistry analysis 

After centrifugation, U251 tumor spheres were suspended in 
PBS and smeared on slides by cytocentrifugation. Adhesive U251 
cells were plated onto coverslips precoated with PDL and laminin 
and cultured in serum-free medium for 12 h. To detect differentiation, 
U251 tumor spheres were dissociated and cultured in DMEM medium 
with 10% FBS on coverslips for 48 h. After 30 min of fixation with 
4% paraformaldehyde, cells were incubated with 0.2% Triton X-100 
for 30 min, with 2% bovine serum albumin (BSA) for 2 h at room 
temperature, and then with primary antibodies [mouse anti-nestin 
(Millipore, 1:200); rabbit anti-SOX2 (Millipore, 1:250); rabbit anti- 
glial fibrillary acidic protein (GFAP; Millipore, 1:250); and mouse anti- 
CD133 (Miltenyi Biotec, 1:50)] overnight at 4°C. After washing with 



PBS, cells were incubated in goat anti-mouse IgG Alexa Fluor 488 
(Invitrogen, 1 :500) or goat anti-rabbit IgG Alexa Fluor®594 (Invitrogen, 
1:500) for 2 h at room temperature. Monocytes stimulated with 
conditioned medium were collected, incubated with primary anti- 
CD11b (ICR44, Ebioscience, 1:100) and anti-B7-H4 antibody (clone 
9, Ebioscience, 1:200), and then incubated with corresponding Alexa 
Fluor®-labeled secondary antibodies. 40-6-Diamidino-2-phenylindole 
(DAPl.Sigma) was used to counterstain nuclei. Fluorescence signals 
were detected with a Nikon fluorescent microscope at excitation/ 
emission wavelengths of 470/505 (Alexa Fluor®488, green) and 
535/565 nm (Alexa Fluor®594, red). Results were recorded with a 
digital camera. Controls included omitting or preabsorbing primary 
antibody or omitting secondary antibody. 

Positive cells were quantified by counting all stained cells within 
20 randomly selected microscopic fields under 400x magnification 
and calculating a percentage based on the total number of nuclei 
counted. 

Flow cytometry analysis 

Adhesive U251 cells cultured in serum were dissociated using 
a solution of 0.25% trypsogen containing 0.02% EDTA, whereas 
nonadhesive tumor spheres cultured in serum-free medium were 
dissociated with papain (1 mg/mL). Cells were analyzed by flow 
cytometry as described previously' 311 . Briefly, after dissociation into 
single cell suspension, 1 x 10 6 cells were placed in flow cytometry 
tubes and treated with Fix and Perm® cell permeabilization reagents 
(Caltag Laboratories) according to the manufacturer's instructions. 
Tumor cells were incubated for 20 min at 4°C with 2 uL PE- 
conjugated anti-B7-H4 antibody (clone 9, Ebioscience) or with 2 uL 
isotype control antibody (PE-mouse IgG-,; Ebioscience). Cells were 
washed twice with flow cytometry buffer and then resuspended in 200 
uL PBS. Analysis was performed on a FACSCalibur system (Becton 
Dickinson Immunocytometry Systems). In addition, 1 x 10 5 cells 
were collected and analyzed with WinMDI 2.9 software' 311 . All flow 
cytometry evaluations were separately performed three times. 

Statistical analysis 

Parametric data are presented as mean ± standard deviation. 
Data were analyzed with SPSS10.0 statistical software. When two 
groups were compared, the unpaired, dependent-samples f-test was 
used. A value of P < 0.05 was considered statistically significant. 

Results 

Serum deprivation in U251 cells induced tumor 
sphere formation 

U251 cells were adhesively grown in serum-containing medium, 
whereas after being cultured in serum-free medium supplemented 
with B27, bFGF, and EGF for 12 h, U251 tumor cells became 
nonadhesive and formed tumor spheres. After an additional 48 h, the 
tumor spheres expanded to contain more than 200 cells and showed 
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a sharp edge (Figure 1A). When dissociated U251 tumor cells were 
seeded on coverslips precoated with PDL and laminin in serum- 
free medium for 12 h, most cells migrated out from the small tumor 
spheres and became adhesive (Figure 1B). 

Characteristics of U251 cells cultured in serum-free 
medium 

We stained U251 cells cultured in serum-free medium with neural 
stem cell markers including CD133, nestin, and SOX2. All U251 
cells in tumor spheres expressed both nestin and SOX2 (Figure 2A). 



Among adhesive U251 cells cultured in serum-free medium, CD133* 
cells were present in both tumor spheres and migrating cells (Figure 
2B). All adhesive U251 cells expressed both nestin and SOX2 (Figure 
3A). To investigate the differentiation of adhesive U251 cells cultured 
in serum-free medium, differentiation marker GFAP was used and 
staining results showed a few cells expressed GFAP; however, these 
cells were also moderately nestin-positive (Figure 3B). To analyze cell 
differentiation, dissociated tumor sphere cells were cultured in DMEM 
containing 10% FBS on coverslips for 48 h. The serum-cultured 
U251 cells expressed a high level of GFAP and were scarcely nestin- 
positive compared with adhesive serum-free cultured cells (Figure 




Figure 1 . Serum deprivation in U251 cells induced tumor sphere formation. A, cells became nonadherent and formed tumor spheres when 
switched from serum-containing medium to serum-free medium, which favors the growth of stem-like cells. B, when seeded on pretreated 
coverslips and cultured in serum-free medium for 12 h, tumor spheres became adherent and most cells migrated out from the small spheres. 
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Figure 2. Stem cell marker expression in U251 cells. A, cells in tumor spheres all expressed neural precursor cell markers nestin (green, left 
panel) and S0X2 (red, middle panel). B, CD133-positive cells (green, left panel) exist both in tumor spheres and in migrating U251 cells with 
expression of S0X2 (red, middle panel). All right panels show merge images. 
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3C). These results indicate that both U251 tumor spheres and 
adhesive U251 cells cultured in serum-free medium exhibited stem- 
like precursor cell properties. 

U251 cells cultured in serum- free medium express 
higher levels of cytoplasmic B7-H4 

To explore the expression of B7-H4 in U251 stem-like cells, we 
cultured U251 cells, both nonadhesive and adhesive, in medium 



conditions favoring the growth of stem cells. To determine whether 
B7-H4 was expressed on U251 tumor cell membranes, we performed 
flow cytometry using anti-B7-H4 antibody without first treating 
the cells with Fix and Perm® cell permeabilization reagents. Little 
B7-H4 was detected on the membrane of cells cultured in either 
serum-containing medium (0.5%, data not shown) or serum-free 
medium (1%, data not shown). Then we explored cytoplasmic B7- 
H4 expression and found that 24%-35% of cells cultured in serum- 
free medium (Figure 4A) and 8%-11% of cells cultured in serum- 
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Figure 3. Characteristics of U251 cells cultured in different mediums. A, all cells expressed the neural precursor cell markers nestin (green, first panel) 
and S0X2 (red, second panel) when tumor spheres were seeded on pretreated coverslips. B, cells that migrated out from tumor spheres cultured in 
serum-free medium were all nestin-positive (green, first panel), and a little cells coexpressed GFAP (red, second panel). C, when tumor spheres were 
cultured in serum-containing medium for 48 h, nestin was undetectable (green, first panel) but GFAP was highly expressed (red, second, panel). DAPI- 
counterstained nuclei are shown in blue. All right panels show merge images. 




Figure 4. U251 cells express cytoplasmic B7-H4. A, cells cultured in serum-free medium express cytoplasmic B7-H4 (isotype as control: open 
histogram 0.5% and B7-H4-pE: red filled histogram 30%). B, cells cultured in medium with serum also expressed cytoplasmic B7-H4 (isotype as control: 
open histogram 0.5% and B7-H4-pE: red filled histogram 8%). C, cells cultured in serum-free medium expressed higher levels of cytoplasmic B7-H4 
than cells cultured in serum-containing medium (**, P< 0.01). 
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containing medium (Figure 4B) were positive for B7-H4. As shown 
in Figure 4C, the expression of cytoplasmic B7-H4 was significantly 
higher in U251 cells cultured in serum-free medium than in U251 
cells cultured in serum-containing medium [P< 0.01). 

Phenotype of monocytes cultured with U251 cell 
conditioned medium 

Monocytes were purified using CD11b microbeads and 
confirmed by flow cytometry (CD11b* purity >95%). Purified 
CD11b* monocytes were divided to 5 groups: no stimulation, 
serum-containing medium (SM), serum-free medium (SFM), 
serum conditioned medium (SCM), and serum-free conditioned 
medium (SFCM). After 72 h in culture, monocytes were collected 
for double immunofluorescence staining with CD11b and B7-H4. 
SFCM-stimulated monocytes (Figure 5A) had a higher expression 
of B7-H4 than the SCM-stimulated group (Figure 5B) (P < 0.01). 
All monocytes stimulated with conditioned medium moderately 
expressed B7-H4 compared with the no stimulation group (Figure 
5C) (P< 0.001). 



Discussion 

In this article, we focused on the expression of the negative 
costimulatory molecule B7-H4 in U251 cells cultured in different 
mediums. Interestingly, serum-free cultured U251 stem-like cells 
expressed higher levels of cytoplasmic B7-H4 compared with 
serum-containing cultured U251 cells. Stimulation with conditioned 
medium from U251 cells cultured in the presence of serum for 
72 h induced monocytes to moderately express B7-H4, whereas 
conditioned medium from U251 stem-like cells showed a more 
significant stimulatory effect. Although we are still not sure which 
factor in the conditioned medium accounts for B7-H4 up-regulation, 
increasing evidence suggests that B7-H4 is crucial to tumor 
immunity. The cross-talk between tumor cells, especially stem-like 
cells, and immunocytes may be an important target and a useful 
new strategy for immunologic tumor therapy. 

GBM (World Health Organization grade IV) tumors are the 
most common and lethal primary intracranial tumor composed 
of a heterogeneous cellular composition' 11 . In spite of aggressive 
surgery, radiotherapy, and chemotherapy, the prognosis for 
GBM patients remains dismal, with a median survival of 12-15 




Figure 5. Monocytes in conditioned medium from U251 cells express 

B7-H4. After 72 h of stimulation, monocytes were collected for double 
immunofluorescence staining with CD1 1 b (green, first panel) and B7- 
H4 (red, second panel). A, monocytes (green, first panel) in the serum- 
free conditioned medium group (SFCM) highly expressed B7-H4 (red, 
second panel). B, monocytes (green, first panel) in the serum conditioned 
medium (SCM) group moderately expressed B7-H4 (red, second panel). 
DAPI-counterstained nuclei are shown in blue. All right panels show 
merge images. C, expression of B7-H4 in the SCM and SFCM groups 
was significantly up-regulated compared with the no stimulation group 
(black***, P < 0.001). Moreover, B7-H4 was expressed in a higher 
percentage of monocytes in the SFCM group compared with the SCM 
group (red**, P< 0.01). SM, serum-containing medium; SFM, serum-free 
medium. 




www.cjcsysu.com 



Chin J Cancer; 2013; Vol. 32 Issue 12 657 



Lian-Jie Mo et al. 



B7-H4 expression and U251 stem-like cells 



months' " Previous studies show that the tumor mass contains 
malignant stem-like cells (CD133 + ) that may be responsible for 
tumor renewal and resistance to radiation and chemotherapy 117 " 191 . 
These stem-like cells share many characteristics with normal neural 
stem cells, including self-renewal and multipotency' 131 . These stem- 
like cells also express specific neural progenitor proteins, including 
nestin, SOX2, OCT4, and Musashi 111 ' 121 . To detect stem-like cells in 
the established glioma U251 cell line, we analyzed the phenotype of 
U251 cells in different culture mediums. Double immunofluorescence 
staining results show that both U251 tumor spheres (Figure 2A) 
and adhesive U251 cells (Figure 3A) cultured in serum-free medium 
expressed the neural progenitor proteins nestin and SOX2, whereas 
differentiation marker GFAP was nearly negative (Figure 3B). CD133- 
positive cells were present in both U251 spheres and adhesive U251 
cells cultured in stem proliferation medium (Figure 2B). However, 
when U251 cells cultured in serum-free medium were seeded in 
serum-containing medium for 48 h, almost all expressed GFAP while 
nearly none expressed nestin (Figure 3C). These results reveal that 
established U251 cells contain a population of brain tumor stem cells. 
Furthermore, U251 cells maintain stem cell properties when cultured 
in stem cell proliferation medium, as observed in a previous study 1361 . 

B7-H4, the youngest B7 family, was identified by searching the 
NCBI database for genes with homology to other B7 extracellular Ig 
domains' 20 " 22,371 . B7-H4 protein expression is undetectable in normal 
tissues and organs' 20 371 ; however, it is significantly overexpressed in 
many human tumors, including lung tumors' 241 , breast tumors' 25,26 ', 
ovarian tumors' 26,30,38 ', kidney tumors' 27 " 291 , and gliomas 1311 . Krambeck 
et a/. 1291 found that 59.1% of renal cell carcinomas express B7- 
H4, and B7-H4 expression relates to patient prognosis. Kryczek et 
al. m found that 0.5% of primary ovarian tumor cells express surface 
B7-H4 and 91% express intracellular B7-H4. Moreover, B7-H4 
expression can be induced on tumor-associated macrophages in the 
tumor microenvironment. Chen et al. m found that tumor-associated 
macrophages induce up-regulation of B7-H4 expression on the 
surface of lung cancer cells. Previous studies indicate that B7-H4 
participates in negative regulation of T cell-mediated immunity' 20 " 23,341 . 
These findings strongly suggest that there is cross-talk between 
tumor cells and the tumor microenvironment. Our previous study 
showed that 8.12%-80.59% of cells in primary astrocytomas 
and 20.12%-45.07% in primary medulloblastomas were B7-H4- 
positive' 311 . Moreover, double immunofluorescence staining results 
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